ABSTRACT Migratory adult potato leafhoppers, Empoasca fabae (Harris), have shown a preference for particular cultivars of edible beans, Phaseolus vulgaris L. Laboratory experiments were conducted to determine the role of visual and olfactory cues in these preferences. No preference for any particular cultivar of edible bean was detected in Y-tube olfactometer binary comparison tests: when selecting leaves on the basis of olfactory stimuli. Adult potato leafhoppers chose ÔBerna Dutch brownÕ as frequently as ÔStingray whiteÕ bean and ÔEMP 419Õ. When adult potato leafhoppers selected leaßets of uniform shape and size from an aerial position in a Plexiglas chamber, ÔBerna Dutch brownÕ was signiÞcantly preferred (54%) over ÔStingray white beanÕ (24%) and ÔEMP 419Õ (22%). An external integrating sphere attached to a portable spectroradiometer was used to determine the wavelength reßectance of ÔBerna Dutch brownÕ, ÔStingray whiteÕ, and ÔEMP 419Õ bean leaßets. ÔBerna Dutch brownÕ bean leaßets had higher percent reßectance readings in the green region of the spectrum and lower percent reßectance readings in the blue and yellow regions of the spectrum compared with ÔStingray whiteÕ and ÔEMP 419Õ. Although host-Þnding behavior may involve an interaction between visual and olfactory stimuli, the results of this study indicate that leaf color signiÞcantly inßuences host preference, whereas host odor does not.
POTATO LEAFHOPPER, Empoasca fabae (Harris), has been a well-known pest of edible beans, Phaseolus vulgaris L., since its description by Harris in 1841 (DeLong 1938) . Host plants play an important role in potato leafhopper population dynamics. A highly polyphagous pest, the potato leafhopper is capable of reproducing on Ͼ200 plant species in 25 different families (Poos and Wheeler 1943) . Despite the potato leafhopperÕs diverse host range, Ͼ62% of the host species and 45% of the host genera are represented by the family Fabaceae (Leguminosae) (Lamp et al. 1994) . In edible beans, the ÔBerna Dutch brownÕ is preferred over all other Ontario-grown cultivars under Þeld conditions (Wylde 1999) . Nymphal and adult potato leafhoppers tend to be most abundant on ÔBerna Dutch brownÕ beans at the beginning of the season, but differences between cultivars are not signiÞcant by the end of the season, even though damage scores are higher for susceptible plants (Wylde 1999) . Although the underlying mechanisms inßuencing host utilization patterns are poorly understood, adult host Þnding behavior seems to play a major role.
Initially, humidity and visual signals were suggested as distance-stimuli that attract leafhoppers regardless of slight variations among hosts (Saxena and Saxena 1974) . Desiccated leafhoppers are more attracted to watered leaves than to wilted leaves and to wet Þlter paper over dry Þlter paper, suggesting that humidity in the vicinity of water sources, including plants, attracts leafhoppers, and their contact with water or plant sap elicits ingestion (Saxena and Saxena 1974) . More recent Þndings suggest that foraging leafhoppers discriminate primarily using visual and/or olfactory stimuli (Todd et al. 1990 ). Both wavelength-speciÞc color preference and reßectance intensity may inßuence the attraction of some homopterans to particular hosts in the Þeld (Lapis and Borden 1995) . Of the potential visual cues, many insects respond positively to colors with spectral reßectance ranging from 350 to 650 nm (Lapis and Borden 1995) . Spectral reßection of leaf tissue is an objective measure of one of the external factors associated with color sensation (Lunau and Maier 1995) .
Wavelength reßectance varies with plant host and stage of development. Young expanded leaves of legumes tend to have the highest reßectance intensity with a peak at about 550 nm, whereas mature leaves have a lower percentage of reßectance and higher peaks in the blue and red regions of the spectrum (400 and 700 nm, respectively) (Lapis and Borden 1995) . Leafhoppers are preferentially attracted to lime green, spring green, and yellow card traps with spectral reßectance values ranging from 520 to 580 nm, typical of the abaxial surface of many preferred host leaves (Chu et al. 2000) . Colors having low reßectance at all wave-lengths (black and dark green) or those with moderately high reßectance in the blue or red regions of the spectrum are less attractive to Empoasca spp. (Chu et al. 2000) .
Berna, a beige-seeded bean, may be preferred because of direct effects of the P gene on pigmentation (Murray et al. 2001) , such that Berna leaves seem brighter and more visually attractive than those of white-seeded cultivars. Berna also may be preferred because of attractive volatiles commonly associated with susceptible cultivars (Lapis and Borden 1993) . Conversely, resistant cultivars may not be preferred because of volatiles that leafhoppers respond differentially to and/or interfere with host-Þnding behaviors. Currently, the role of olfactory or visual cues in the Þnding of preferred bean cultivars by the potato leafhopper is uncertain.
This study investigates whether cultivars of edible beans selected by migrating potato leafhoppers from an altitude are preferred on the basis of visual characteristics, predominantly leaf color, or olfactory cues, with the following speciÞc objectives: 1) to determine the role of olfactory cues and compare host Þnding behavior exhibited by E. fabae when ÔBerna Dutch brownÕ bean (highly susceptible) leaves are presented in conjunction with ÔStingray whiteÕ bean (moderately susceptible) leaves and ÔEMP 419Õ (resistant) (Schaafsma et al. 1998 ) leaves in a Y-tube olfactometer; 2) to determine preferential host Þnding behavior of the potato leafhopper on these three edible bean cultivars based on visual cues; and 3) to quantify the differences in leaf color of ÔBerna Dutch brownÕ, ÔEMP 419Õ, and ÔStingray whiteÕ bean leaves by using wavelength reßectance values and relate leafhopper host choice to spectral qualities.
Materials and Methods
Insect Sources. For the olfactory choice experiments, nymphal and adult potato leafhoppers (collected from edible bean Þelds at Ridgetown, Ontario, Canada, summer 2001) were placed into 60 by 60 by 60-cm nylon mesh rearing cages on potato plants. Potato plants were used for rearing to make certain that insect experience did not bias leafhoppers toward any particular cultivar of edible bean used in experimental procedures. The cages were kept in a growth chamber maintained at 24 Ð27ЊC, 40 Ð70% RH, and a photoperiod of 16:8 (L:D) h from September to May. Fresh greenhouse-grown potato plants were added to rearing cages approximately once every 2 wk. Individual adults used for the olfactory experiments were selected at random from the colony.
For the visual choice experiments laboratoryreared adults were unavailable, so leafhoppers were Þeld collected from soybean Þeld plots, by using sweep nets and manual aspirator tubes on the same day of each experiment. The adults were placed in a large meshed holding cage until used. Active individuals were selected at random from the ceiling of the holding cage by aspiration. In all cases, a uniform distribution of age and sex was assumed.
Plant Material. The selected cultivars matured under Ontario growing conditions and provided a range of resistance to potato leafhoppers (Schaafsma et al. 1998) . ÔBerna Dutch brownÕ (highly susceptible), ÔStingray whiteÕ (moderately susceptible), and ÔEMP 419Õ (resistant) bean seeds were planted in round plastic pots (15 cm in diameter) in a commercial soil-less mix of peat:perlite:vermiculite at 1:1:1 in a greenhouse (25:18ЊC and 14:10-h day/night cycle) with supplemental high pressure sodium lighting during daylight hours at Ridgetown College. Plants were watered as required with a nutrient solution of a commercial preparation 20:20:20 NÐPÐK with micronutrients at 250 ppm actual N. Plants used for each experiment were of the same age and were actively vegetative in the three-to Þve-leaf stage. Leaves used were of the same size and age for each experiment.
Y-Tube Olfactometer. A Y-tube olfactometer (Brandhorst-Hubbard et al. 2001 ) was used to investigate the responses of E. fabae adults when presented with a choice of plant odors in the absence of any visual cues. The design and materials used for the apparatus were similar to that used by BrandhorstHubbard et al. (2001) and Du et al. (1996) ). All adult leafhoppers used for this procedure were collected at random from different areas of several rearing cages containing potato plants and starved for 30 min before release. The glass Y-tube had an interior diameter of 10 mm. The main branch was 6.5 cm in length, and each of the paired arms of the Y-tube was 13 cm in length. Each arm was connected to a 150-ml Buchner Funnel (Kimble Glass, Fisher Vineland, NJ) with the Þlter removed. Each funnel had a base diameter of 7 cm and a neck diameter of 1.5 cm. A dark mesh partition was placed between the funnels and arms to obscure leaf color and form. An air current provided by a Tetratec aquarium pump (Tetra, Blacksburg, VA) entered the apparatus through food-grade plastic tubing (1 cm in diameter) inserted into 6.5-cm rubber stoppers, secured at the proximal ends of each of the funnels. The airßow through each of the olfactometer arms was maintained at 900 ml/min by using Dwyer II adjustable meters (Dwyer Instruments Inc., Michigan City, IN). This air ßow rate was chosen because it was less disruptive to leafhopper movement than the 2.5 liter/min for scarab beetles suggested by Brandhorst-Hubbard et al. (2001) . Second trifoliate edible bean leaves were excised at the base of the petiole by using scissors from plants at the fourth trifoliate stage of growth. The cut portion of the petiole was placed in a water pick (Botanical Illusions Inc., Mississauaga, Ontario, Canada) containing distilled water. The leaves were placed upright between the rubber stopper and mesh partition in each of the funnels. Each trial was conducted using new leaves that were approximately equal in age and size.
In the Þrst experiment, adults were given a choice between a ÔBerna Dutch brownÕ bean leaf and either a ÔStingray whiteÕ bean leaf or ÔEMP 419 leaf. In total, 100 insects were tested individually for each binary comparison. Fifty trials were conducted with leaf pairs in the left-right order, followed by 50 trials with re-spective pairs in the right-left order. The order was reversed to control for potential directional preference. A control trial consisting of one empty chamber and one chamber containing a ÔBerna Dutch brownÕ leaf was replicated 50 times to ensure that the potato leafhopper adults were responding to the leaf odor stimulus, making certain that the responses within the chamber were not a result of random movements. An additional 50 replicates with a ÔBerna Dutch brownÕ leaf in both ends of the chamber were conducted to determine whether the potato leafhopper adults exhibited directional preferences within the apparatus.
The insect transfer process was consistent for each trial; individuals were removed from the rearing cage with a single-tube aspirator, which was then placed at the end of the main branch of the Y-tube, enabling the insect to crawl into the main branch of the apparatus. The insect was observed until it reached a marked point in one of the paired arms located 5 cm past the main branch of the Y-tube, the choice was recorded and the leafhopper was removed. If a leafhopper did not make a choice after 5 min, it was removed and the trial was repeated with a new insect. New insects were used for each choice and each insect was destroyed after a choice was made. Males and females were not distinguished for the experiments given that with n ϭ 50, the sex ratio should have been close to the same in all tests with random selection. Upon completion of each choice test, the Y-tube and leaf compartments were cleaned with 70% ethyl alcohol to reduce residual volatiles.
Host Finding Based on Leaf Color. A laboratory experiment was conducted to determine whether adult potato leafhoppers prefer ÔBerna Dutch brownÕ leaves when presented with ÔStingray whiteÕ and EMP 419 leaves. Leaves were presented in a completely randomized design with treatments consisting of the three cultivars and the black paper control. A video projection apparatus was assembled using a Panasonic video imager (model We 160, Matsushita Communication Industrial Co. Ltd., Kanagawa, Japan) connected to a television monitor and a videocassette recorder. All choices observed on the television monitor were noted for each trial. A 40 by 40 by 40-cm box was constructed of 3-mm Plexiglas with three sides and a top secured with silicon ( Fig. 1) . A sleeved hole was located in the top corner for the introduction of insects. Four circular holes (5 cm in diameter) situated 15 cm apart in a square arrangement were cut out of a black Bristol board. Intact potted plants were placed under the apparatus such that one second trifoliate leaßet from each intact test plant could be placed ßush under each hole of the black Bristol board background. Four circular choice areas were apparent from above; three were the difference green leaves and the fourth the black control. The entire Plexiglas chamber was placed over the Bristol board such that all circular holes with exposed leaves for each cultivar were centered within the cubic chamber. This entire apparatus was then placed on the Panasonic video imager, which was illuminated by ßuorescent bulbs so that all leafhopper activity could be observed on the television monitor at a distance from the equipment. The arrangement of leaßets under the Bristol board was rerandomized for each replicate choice test.
For each of the 20 replicates, 50 adult potato leafhoppers were collected from soybean Þelds at Ridgetown College to prevent bias due to previous experience. After a 30-min starvation period, all 50 insects were transferred into the observation chamber by securing the collecting jar in an inverted position to the inside of the mesh sleeve with a rubber band. This introduction ensured that leaves were chosen from above. As soon as an adult landed on one of the exposed leaßets, it was recorded as a choice. Testand-probe-based selection, which includes plant examination with external sensilla, insertion of stylets into the plant, and subsequent movement to surrounding plants, was not apparent in this experiment because the majority of leafhoppers remained on the leaf for several minutes once a choice had been made.
Leaflet Reflectance Analysis. A LI-1800 portable spectroradiometer (LI-COR Inc., Lincoln, NE) was used to quantify differences in wavelength reßectance values between ÔBerna Dutch brownÕ, ÔStingray whiteÕ, and ÔEMP 419Õ bean leaßets. To analyze the reßec-tance of leaves, an 1800-12S external integrating sphere was connected to the LI-COR data logger. The 1800-10 quartz Þber optic probe was connected to the external integrating sphere and both parts were mounted on a tripod. Two second trifoliate leaßets per plant, and 10 plants per cultivar were analyzed for a total of 20 measurements per cultivar. For each reßectance measurement, a leaßet was placed in the sample port (top of leaf toward the sphere) of the external integrating sphere, and the apparatus was conÞgured for a reference measure by using the barium sulfate standard. The apparatus was then reconÞgured for the sample reßectance measurement. For the reference scans, the lamp was placed in port B, and the white plug was placed in port C of the sphere; this orientation was alternated for the sample scans. Reference and sample scans were taken in sequence for each leaßet sample. A percent reßectance value was obtained as a ratio (sample/reference) at 2-nm increments from 400 to 800 nm.
Data Analysis. Based on the Shapiro-Wilk statistic (W ϭ 1, P ϭ 1), the Y-tube olfactometer data were normally distributed about the mean. The Yates correction for continuity was applied to the binary comparison data to minimize the value of the 2 calculated statistic, resulting in a more conservative 2 test (Bowley 1999). The data from the leaf selection studies were transformed using sqrt(n ϩ 0.5). This transformation was appropriate given that the raw data followed a Poison distribution, in which means and variances were approximately equal (Bowley 1999) . Numbers of potato leafhopper adults attracted to each leaf were analyzed using an analysis of variance (ANOVA) (PROC GLM, SAS Institute 1999). Means over all trials were compared with mean separations using TukeyÕs honestly signiÞcant difference (HSD) test. Reßectance measurements were normally distributed therefore no transformation was required (ShapiroÐWilk statistic, W ϭ 1, P ϭ 1). A percent reßectance curve was generated for each cultivar by using the mean reßectance for all 20 samples at each wavelength. Subplots were then produced for each cultivar at 50-nm increments. Plots were visually inspected, and the wavelength at which the curves differed the most was analyzed by a split-plot analysis (SAS Institute 1999). Unless otherwise stated, P Ͻ 0.05 was used as the level of signiÞcance when comparing means.
Results

Y-Tube Olfactometer.
When choices were based on olfactory cues, potato leafhopper adults did not exhibit a preference for ÔBerna Dutch brownÕ bean leaves over ÔStingray whiteÕ or ÔEMP 419Õ leaves (Fig. 2) . The arm originating from the funnel containing ÔBerna Dutch brownÕ leaves was chosen as often as the arm containing ÔEMP 419Õ ( 2 ϭ 0.49, df ϭ 1, P ϭ 0.48) and ÔStingray whiteÕ bean leaves ( 2 ϭ 0.01, df ϭ 1, P ϭ 0.92). There was no difference in left/right direction ( 2 ϭ 0.18, df ϭ 1, P ϭ 0.67) when comparing two chambers containing ÔBerna Dutch brownÕ leaves (Fig. 3) . In the control comparison of leaf versus no leaf; adults chose the side containing the leaf more frequently than the empty side of the chamber ( 2 ϭ 21.78, df ϭ 1, P Ͻ 0.00001).
Host Finding Based on Leaf Color. Potato leafhopper adults tended to land on the selected surface and remain for several minutes before moving again. The frequency of landing was different for each of the edible, bean leaves exposed through uniform circular windows under free-choice conditions (F ϭ 60.57, df ϭ 3, P Ͻ 0.0001) (Fig. 4) . Approximately one-third of the total number of leafhoppers responded to the exposed leaf circles. Leafhoppers landed on the ÔBerna Dutch brownÕ bean leaves twice as often compared with ÔStingray whiteÕ bean or ÔEMP 419Õ leaves.
Leaflet Reflectance Analysis. Fig. 5a depicts the standard reßectance curve for leaf material. By visual inspection of 50-nm subplots of average reßectance curves, it was determined that the greatest differences in wavelength reßectance between ÔBerna Dutch brownÕ, ÔStingray whiteÕ, and ÔEMP 419Õ were at 446, 488, 556, 648, 676, 748 , and 772 nm (Fig. 5bÐ h, respectively) . When the reßectance values for all the samples were analyzed by a split-plot analysis at these peaks by using within plant variation [leaf(plant) ϭ sampling error] as the error term, the within plant variation and between plant variation within the same cultivars were insigniÞcant (df ϭ 9, P Ͼ 0.05) (ANOVA, SAS Institute 1999). At 446 nm, wavelength reßectance values for ÔBerna Dutch brownÕ, ÔStingray whiteÕ, and ÔEMP 419Õ leaßets were different (F ϭ 13.21, df ϭ 2, P Ͻ 0.0001). TukeyÕs HSD showed that at this wavelength peak, ÔEMP 419Õ and ÔStingray whiteÕ bean leaßets had higher reßectance values (5.88 and 5.81%, respectively) than ÔBerna Dutch brownÕ leaßets (5.29%). ÔStingray whiteÕ and ÔEMP 419 leaßets also had higher reßectance than ÔBerna Dutch brownÕ at 488 nm, with mean reßectance values of 6.43, 6.39, and 5.69%, respectively (F ϭ 13.75, df ϭ 2, P Ͻ 0.0001). At 556 nm, ÔBerna Dutch brownÕ leaßets had the highest reßectance values (17.95%) relative to ÔStingray whiteÕ and ÔEMP 419Õ (16.81 and 15.98%, respectively) (F ϭ 9.64, df ϭ 2, P ϭ 0.0004). In the yellow region of the spectrum at 648 and 676 nm, ÔStingray whiteÕ leaßets had the highest reßectance values and ÔBerna Dutch brownÕ leaßets had the lowest reßectance values with ÔEMP 419Õ leaßets intermediate to both (df ϭ 2, P Ͻ 0.05). Analysis in the red region of the spectrum at 748 and 772 nm showed that ÔEMP 419Õ leaßets had higher reßectance values than ÔBerna Dutch brownÕ and ÔStingray whiteÕ bean leaßets (df ϭ 2, P Ͻ 0.05). The visually apparent difference at 546 nm in Fig. 5a was not signiÞcant (F ϭ 1.99, df ϭ 2, P Ͼ 0.05).
Discussion
The response to the ÔBerna Dutch brownÕ leaves in the Y-tube olfactometer control trials suggested that this apparatus was an effective means of testing relative preferences. Although cleaning the Y-tube apparatus with ethyl alcohol would not eliminate contaminating nonpolar compounds, the response to the presence of a bean leaf implies that such compounds did not signiÞcantly interfere with leafhopper choices. A majority of adults in this comparison chose the side containing the leaf over the empty side, conÞrming that the leafhoppers were able to detect and act upon olfactory stimuli, implying that the adults should have been be able to discriminate between the bean cultivars if strong olfactory cues were present.
Many characteristics of host plants inßuence insect choices, such as leaf veins, volatiles, and color. Although the size and number of veins per apical leaßet vary among cultivars of P. vulgaris, differences in mean nymphal infestation are not signiÞcant for this characteristic (Wolfenbarger and Sleesman 1961) . Nault and Phelan (1984) report that insects belonging to the suborder Auchenorrhyncha (including leafhoppers, planthoppers, treehoppers, spittlebugs, and cicadas) are believed to be less responsive to host odors than those belonging to the Sternorrhyncha, and therefore volatile chemicals are not as important during intraspeciÞc communication and host Þnding. Lapis and Borden (1993) claim that some psyllids discriminate between susceptible and resistant species when presented with olfactory stimuli. However, there was no difference in the number of insects selecting the susceptible species when presented with the resistant species; such differences were only apparent when the susceptible species was tested against a solvent. Shockley and Backus (2002) showed in alfalfa that laboratory-reared and pretest conditioned potato leafhoppers were able to distinguish between identical plant genotypes via an olfactory repellency factor elicited by the presence or absence of glandular trichomes. In the current study, the choice of the leaf port over the no-leaf port in the Y-tube does not refute or support the statement by Nault and Phelan (1984) . If the leafhoppers were attracted by leaf volatiles then these volatiles would indeed be important in general host Þnding. However, if the attraction was simply to a more humid condition, then volatiles may not be important. The lack of strong preference to any of the three bean cultivars demonstrated by potato leafhopper adults under the conditions of the Y-tube olfactometer experiment, suggests that olfactory cues may not be very important in distinguishing between bean cultivars.
The preference for ÔBerna Dutch brownÕ bean seems to be based more on visual cues, speciÞcally the percentage of reßectance of leaves observed by prealighting leafhoppers. The leaf surfaces were exposed to the leafhoppers, and it is possible that tactile and olfactory cues may have inßuenced the choices made. However, we assume that the Y-tube olfactory experiment excluded the possibility of volatiles affecting the leafhopper landing choices. Furthermore, the lack of test and probe behavior observed when leafhoppers remained on a disk for several minutes after landing in the visual tests minimized the role of tactile cues. Therefore, it is most likely when the effects of leaf shape and size were controlled, adult potato leafhoppers preferred leaves from ÔBerna Dutch brownÕ bean plants over ÔStingray whiteÕ beans and ÔEMP 419Õ beans visually. Reßectance measures the fraction of light that is incident upon a surface and is reßected (Hurvich and Jameson 1966) . As the level of light reßected from a surface is increased, contrast increases (Padgham and Saunders 1975) , which is apparent when visually comparing ÔBerna Dutch brownÕ, ÔStingray whiteÕ, and ÔEMP 419Õ leaves. The brightness contrast between these cultivars differs because ÔBerna Dutch brownÕ leaves have higher reßectance in the green region of the spectrum; thus, they seem brighter than ÔStingray whiteÕ and ÔEMP 419Õ leaves.
The role of brightness perception in color discrimination has been documented in insect vision; thus, it is possible that this is also an important component in potato leafhopper host Þnding (Macdowall 1972 , Fukushi 1990 , Vernon et al. 1998 . At 555 nm, a wavelength difference of only Ϸ1 nm is necessary to produce a noticeable difference between two surfaces in most organisms (Hurvich 1981) . In the green region of the spectrum, particularly from 550 to 560 nm, the three cultivars compared differ by at least 5 nm in maximum reßectance, indicating that the contrast at this peak is signiÞcant, and therefore differences can be discriminated by leafhoppers. Todd et al. (1990) found that leafhoppers were preferentially attracted to a yellow model. It is possible that responsiveness to this color aids in Þnding young expanding leaves, as is the case with aphids (Mooney and Gulmon 1982; Prokopy and Owens 1983) . Given that preferred colors reßect maximally in the greenish yellow region of the spectrum (540 Ð570 nm) and minimally in the blue-yellow and red-yellow regions (Hurvich 1981) , the lack of preference for EMP 419 under Þeld and laboratory conditions may be attributed to higher peaks at Ϸ400 and 700 nm. The Þndings of this study support those of Chu et al. (2000) who found that the least attractive color traps reßected the highest in the blue and red regions of the spectrum, whereas the most preferred traps reßected lowest in these regions and predominantly in the green region of the spectrum at Ϸ550 nm.
Senesced and green leaves differ chießy in reßec-tance values in the 500 Ð700 nm range of the spectrum (Major et al. 1993) . Major et al. (1993) determined that the peak reßectance was displaced from 550 nm for green leaves to Ϸ600 nm for senesced samples and increased from 20 to 40% reßectance and then decreased sharply at 680 nm. This shift in peak reßec-tance may explain why ÔBerna Dutch brownÕ bean plants are less preferred by potato leafhopper adults later in the season when damage symptoms are more severe (Wylde 1999) .
It is probable that host-Þnding behavior involves an interaction between olfactory and visual stimuli. Host volatiles may only affect feeding responses and metabolic use of food by leafhoppers. The speciÞc odor of preferred host plants seems to increase the rate of ingestion, whereas the odor of nonpreferred or resistant hosts does not affect the intake of sucrose (Saxena and Saxena 1974) .
The differences in wavelength reßectance values for the three cultivars compared in this study suggest that leaf reßectance may be used to screen for resistance in edible beans. This screening procedure also may be used to select preferred cultivars that can be incorporated into a trap-cropping system. The highly susceptible ÔBerna Dutch brownÕ had the highest reßectance in the true green region of the spectrum, which seems to be most attractive, followed by the moderately susceptible ÔStingray whiteÕ. The resistant ÔEMP 419Õ had the lowest reßectance at Ϸ555 nm, which possibly explains why it is less attractive to potato leafhopper adults in the Þeld. Because it seems that potato leafhoppers are most sensitive at this wavelength, it is not surprising that high reßectance at this point will initiate the greatest response. For this to be a truly effective means of screening for resistance in edible beans, a more intense examination, by using several cultivars at each level of resistance is necessary.
Trap cropping, a type of intercropping, involves the planting of a crop or cultivar more attractive to the insect pest along with the less attractive main crop (Brewer and Schmidt 1995) . This system may offer an effective alternative to the conventional application of insecticides by using an attractive bean cultivar such as ÔBerna Dutch brownÕ as the trap in a less attractive bean crop. The trap must be more attractive during the critical period of pest colonization and serve as a sink for adults. The trap may have to be treated with insecticide to destroy the leafhoppers entering the sink. The net result of targeting only the trap crop with an insecticide may be a reduced over all insecticide loading. Further studies are required to determine the optimum trapping conÞguration and ratio as well as the optimum insecticide system to create the sink, before the trap crop system might be effective in edible beans.
